INTRODUCTION
Stereoselective synthesis of carbon-carbon double bonds as ubiquitous and versatile two-carbon units is among the most important and challenging tasks in organic chemistry. 1 Consequently, a large number of synthetic methodologies have been reported, e.g., 1) Wittig reaction, which utilizes the characteristics of phosphorus,
Peterson reaction, which utilizes silicon, 3 3) Julia olefination, which utilizes sulfones, 4, 5 4) reduction or carbometalation of alkynes, which takes advantage of organometallic reagents, 6 and 5) olefin metathesis, which is realized by the use of Grubbs catalysts. 7 However, these reactions depend on new C-C bond formation or reductive olefin formation from alkynes. On the other hand, while the elimination reaction is also a powerful method for the preparation of olefins, the stereochemistry of the products generally depends on the reaction pathway, i.e., E2 anti-elimination, syn-elimination, or E1 elimination. Therefore, few methods have been reported for stereoselective synthesis of olefins using simple elimination reactions.
8
In our laboratory, stereoselective formation of sterically unfavorable (Z)-olefins was investigated with various types of elimination and isomerization reactions by treatment with a base. 9 We proposed that Z-selectivity was achieved by the "syn-effect," namely a stereoelectronic effect owing to σ C-H →π * C=C interaction as depicted in Scheme 1, in which the transition state of the 1,4-elimination of an allylic sulfone is depicted. Furthermore, it was found that Z-selectivity based on the "syn-effect" was enhanced when the δ-substituent (R 1 in Scheme 1) was an electron-withdrawing alkoxy or halogen group. σ C-H →π* interaction
Z-form
This methodology could then be applied to a stereoselective synthesis of (Z)-olefins in combination with C-C bond formation. We have reported a sequential 1,4-elimination reaction of δ-benzyloxy-substituted allylic sulfones followed by [1, 2] -Wittig rearrangement 10 to give (Z)-dienyl alcohols (2,4-pentadien-1-ols), which are useful synthetic intermediates due to the presence of both an allylic alcohol moiety and a diene moiety (Scheme 2a). 11 However, the reaction was limited to only α,α-disubstituted allylic sulfones. When an α-monosubstituted allylic sulfone was subjected to the reaction, the elimination of the benzyloxy group proceeded preferentially via deprotonation of the more acidic α-proton (Scheme 2b). 12 In this situation, the stereocontrolled preparation of (2Z)-5-monosubstituted-2,4-pentadien-1-ols still remained to be solved. Previously, we found that (1Z,3E)-1,3-dienes were produced stereoselectively in the Pd-catalyzed elimination reaction of acyclic (E)-allylic acetates with a base. 9g We anticipated this protocol would be applicable to the sequential 1,4-elimination reaction and [1, 2] 
RESULTS AND DISCUSSION
We chose (E)-4-benzyloxy-1-phenyl-2-butenyl benzoate (1a) as a model substrate for the optimization of the reaction conditions. 13,14 Under our previously reported conditions for allylic acetates using DBU, the Pd-catalyzed [1, 4] -elimination reaction of 1a did not proceed reproducibly. Deactivation of the Pd(0) complex by molecular oxygen contamination was suspected as the cause. In order to prevent this deactivation, degassed THF was used as the solvent, and the 1,4-elimination reaction was found to proceed reproducibly. After the 1,4-elimination by treatment with DBU, 15 an excess amount of n-BuLi was added to the reaction mixture to give the desired (2Z,4E)-dienyl alcohol 2a in good yield with high Z-selectivity at the C2-C3 double bond ( 17 The search for a base that did not react with n-BuLi revealed that NaOt-Bu could reduce the amount of n-BuLi to 7 equiv for the [1, 2] -Wittig rearrangement (Entry 2). However, the desired product 2a was not obtained with NaOt-Bu or KOt-Bu purified by sublimation (Entries 3 and 4). We supposed the actual base might be NaOH or KOH, which was generated by partial hydrolysis of NaOt-Bu or KOt-Bu. Therefore, we employed NaOH and KOH as bases for the initial elimination. To our delight, elimination proceeded 18 reproducibly and further treatment with n-BuLi (6 equiv) gave 2a in good yield with excellent Z-selectivity at the C2-C3 double bond (Entries 5 and 6). bearing electron-donating or electron-withdrawing groups on the aromatic ring were employed, the desired products were also obtained with excellent Z-selectivities (Entries 5 and 6). 4-(2-Naphthylmethyloxy)butenyl benzoate 1g was also converted into the corresponding (2Z,4E)-dienyl alcohol 2g (Entry 7). Next, we examined the generality of the sequential reaction for (E)-2-butenyl benzoates bearing various substituents at the α-position of the butenyl group. The desired products 2h-2j were obtained in good yields with excellent Z-selectivities from 2-butenyl benzoates 1h-1j bearing an aryl or t-Bu substituent on the α-carbon (Entries 8-10). However, in the case of a benzoate 1k
with an i-Pr group at the α-position of the butenyl group, dienyl alcohol 2k was obtained in low yield, while excellent Z-selectivity was retained. In this case, by-product 3, derived from deprotonation of not Hδ but Hβ' followed by [1, 2] were E.
Scheme 3. Generation of By-product 3 in the Reaction of 2-Butenyl Benzoate 1k
Bearing an Isopropyl Substituent at the $-Position
In conclusion, we achieved a stereoselective synthesis of (2Z,4E)-2,4-pentadien-1-ols via sequential 1,4-elimination reaction and [1, 2] -Wittig rearrangement starting from (E)-4-alkoxy-2-butenyl benzoates. The present method would be applicable in synthetic chemistry, because the stereochemistry can be predicted correctly by universal stereoelectronic effects.
20 Development of other Z-selective reactions based on this strategy is currently underway in our laboratory.
Experimental Section
General Method. 1 H NMR spectra were recorded on a 400 MHz NMR spectrometer.
Chemical shifts δ are reported in ppm using TMS as an internal standard. THF used for 1,4-elimination was degassed by three freeze-pump-thaw cycles prior to use. DMF was distilled and stored over drying agents.
(E)-4-Alkoxy-2-butenyl benzoates 1 were prepared from the corresponding propargyl ethers and aldehydes according to the following scheme. To a solution of benzyl propargyl ether (4.00 g, 27.4 mmol) in THF (45 mL), n-BuLi (16.9 mL of 1.62 M solution in hexane, 27.4 mmol) was added dropwise at -78 °C.
After stirring for 20 min, benzaldehyde (3.19 g, 30.1 mmol) was added and the resulted solution was stirred for 30 min at -78 °C, warmed to rt, and stirred for 3 h. 21 The reaction mixture was quenched with a sat. aq solution of NH 4 Cl. After evaporating the solvent, the aqueous layer was separated and extracted with Et 2 O. The combined organic extracts were washed with H 2 O, brine, and dried over Na 2 SO 4 . The crude product was purified by silica gel column chromatography (hexane/AcOEt = 5/1) to give 4a (6.01 g, 87%) as an oil.
In a similar manner, 4-alkoxy-2-butyn-1-ols 4b-4k were prepared from the corresponding propargyl ethers. 15-7.24 (m, 3H), 7.25-7.43 (m, 4H) 7.54 (d, J = 6.9 Hz, 2H). 13 C NMR (100 MHz, CDCl 3 ): 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, 2864 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 2235 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1604 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1493 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1454 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1353 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1262 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1189 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1121 18.6, 57.3, 64.2, 69.8, 82.2, 86.4, 125.6, 126.4, 128.0, 128.1, 128.4, 129.0, 130.1, 134.9, 136.9, 140.3. IR (neat): 3391, 3063, 3029, , 1072 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, 2857 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 2230 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1492 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1454 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1380 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1353 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1255 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1192 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1157 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1120 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1078 64.0, 71.3, 82.0, 86.4, 125.0, 126.4, 128.0, 128.1, 128.3, 128.4, 128.6, 136.8, 137.8, 140.0. IR (neat): 3391, 3029, , 1003 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, 2857 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 2230 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1903 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1515 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1493 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1453 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1382 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1354 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1309 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1262 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1193 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1120 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1077 21.3, 57.3, 64.4, 71.6, 82.5, 86.8, 126.8, 128.4, 128.5, 128.7, 129.3, 134.2, 137.8, 140.7. IR (neat): 3392, 3029, , 1021 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, 2837 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 2226 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1612 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1585 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1512 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1493 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1455 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1354 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1302 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1249 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1175 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1118 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1074 1, 64.4, 71.3, 82.5, 86.7, 113.9, 126.7, 128.4, 128.7, 129.3, 130.0, 140.7, 159.4. IR (neat): 3401, 3062, 3031, , 1032 
4-(Benzyloxy)-1-(4-tolyl)-2-butyn-1-ol (4h)
4h (2.13 g, 76% from 10.5 mmol of benzyl propargyl ether) was obtained as an oil. 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, 2858 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 2235 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1511 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1496 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1454 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1354 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1264 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1196 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1178 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1114 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1071 1, 63.8, 71.3, 81.7, 86.7, 126.3, 127.6, 127.9, 128.2, 128.9, 136.9, 137.5, 137.7. IR (neat): 3396, 3029, , 1026 
4-(Benzyloxy)-1-(2-naphthalenyl)-2-butyn-1-ol (4i)
4i ( 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, 2956 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 2867 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 2215 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1540 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1478 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1455 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1363 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1321 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1240 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1123 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1072 1, 71.3, 81.2, 86.3, 127.7, 128.0, 128.3, 137.2. IR (neat): 3446, 3030, , 1008 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, 2962 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 2872 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 2215 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1496 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1455 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1384 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1352 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1261 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1207 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1144 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1073 18.0, 34.2, 57.2, 67.6, 71.3, 81.1, 86.4, 127.7, 128.0, 128.3, 137.1. IR (neat): 3402, 3031, , 1027 
Representative Procedure for Preparation of (E)-4-Alkoxy-2-butenyl Benzoate 1a:
To a solution of compound 4a (2.52 g, 10 mmol) in THF (20 mL), Red-Al (5.6 mL of 3.6 M solution in toluene, 20 mmol) was added dropwise at -40 °C. The reaction mixture was warmed to room temperature and stirred for 3 h. The reaction mixture was quenched with a satd. aq solution of Na 2 SO 4 . After insoluble substrate was filtered off through celite, the solvent was evaporated. The residue was passed through silica gel short column (hexane/AcOEt = 2/1) to afford the almost pure (E)-2-buten-1-ol 5a (m, 12H), 8.09 (d, J = 9.6 Hz, 2H). 13 C NMR (100 MHz, CDCl 3 ): 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, 2855 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1719 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1601 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1493 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1452 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1314 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1266 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1176 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1107 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1070 18.7, 69.7, 70.5, 75.8, 125.6, 126.9, 127.7, 128.1, 128.3, 128.5, 129.6, 130.1, 130.6, 132.9, 135.8, 136.6, 139.0, 165.3. IR (neat): 3063, 3031, , 1025 
(E)-4-((3-Methylbenzyl)oxy)-1-phenyl-2-buten-1-yl benzoate (1c)
Starting from 5.5 mmol of 4c, almost pure 5c (1.33 g) was obtained. Then 707 mg of the intermediary 5c was used to give 1c (678 mg, 69% for 2 steps) as an oil. 1 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, 2919 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 2855 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1718 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1601 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1585 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1492 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1451 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1314 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1266 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1176 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1158 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1107 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1069 21.3, 69.7, 72.4, 75.9, 124.9, 127.0, 128.1, 128.2, 128.3, 128.4, 128.6, 129.6, 129.7, 130.1, 130.7, 133.0, 137.8, 137.9, 139.0, 165.4. IR (neat): 3061, 3031, , 1025 
(E)-4-((4-Methylbenzyl)oxy)-1-phenyl-2-buten-1-yl benzoate (1d)
Starting from 6.4 mmol of 4d, almost pure 5d (1.45 g) was obtained. Then 570 mg of the intermediary 5d was used to give 1d (546 mg, 58% for 2 steps) as an oil. 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, 2921 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 2856 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1719 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1601 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1515 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1493 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1451 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1315 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1267 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1176 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1107 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1070 1, 69.5, 72.2, 75.9, 127.0, 127.9, 128.1, 128.3, 128.6, 129.0, 129.7, 130.2, 130.6, 133.0, 133.5, 134.9, 137.3, 139.1, 165.5. IR (neat): 3031, , 1025 
(E)-4-((4-Methoxybenzyl)oxy)-1-phenyl-2-buten-1-yl benzoate (1e)
Starting from 3.6 mmol of 4e, almost pure 5e (986 mg) was obtained. Then 781 mg of the intermediary 5e was used to give 1e (619 mg, 56% for 2 steps) as an oil. 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, 2934 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 2836 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1718 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1612 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1585 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1512 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1493 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1452 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1361 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1314 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1266 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1175 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1107 2, 69.4, 72.0, 75.9, 113.7, 127.0, 128.1, 128.3, 128.6, 129.4, 129.7, 130.0, 130.2, 130.6, 133.0, 139.1, 159.2, 165.4. IR (neat): 3062, 3032, , 1026 .
HRMS ( Starting from 7.0 mmol of 4f, almost pure 5f (1.87 g) was obtained. Then 800 mg of the intermediary 5f was used to give 1f (783 mg, 67% for 2 steps) as an oil. 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, 2854 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1718 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1600 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1584 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1491 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1451 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1396 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1314 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1267 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1200 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1176 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1108 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1025 8, 71.5, 75.8, 126.9, 128.1, 128.3, 128.4, 128.6, 129.0, 129.3, 129.6, 130.1, 130.8, 133.0, 133.3, 136.5, 138.9, 165.4. IR (neat): 3062, 3032, , 1015 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, 2853 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1717 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1601 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1508 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1452 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1361 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1314 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1266 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1175 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1106 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1069 125.7, 127.10, 127.16, 127.19, 128.6, 128.7, 129.0, 129.3, 129.4, 130.6, 130.7, 131.1, 131.5, 133.9, 134.0, 137.3, 138.8, 166.4. IR (neat): 3059, , 1025 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, 1599 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, , 1492 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, , 1449 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, , 1280 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, , 1073 123.6, 125.9, 126.6, 127.5, 127.9, 128.5, 128.6, 130.1, 133.1, 134.9, 136.9, 143.1. IR (neat): 3366, 3027, , 1027 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, 2920 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1604 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1512 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1492 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1449 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1374 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1242 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1178 21.1, 70.0, 123.4, 125.8, 126.6, 127.9, 128.7, 129.3, 130.1, 133.2, 134.9, 137.0, 137.4, 140.2. IR (neat): 3421, 3024, , 1044 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, 1599 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1507 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1492 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1449 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1371 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1242 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1158 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1123 1, 124.3, 125.9, 126.2, 126.6, 127.6, 128.0, 128.4, 128.7, 130.4, 132.8, 132.9, 133.3, 135.2, 136.8, 140.4. IR (neat): 3447, 3024, , 1046 21.3, 70.0, 122.4, 125.9, 126.5, 127.6, 128.6, 129.4, 130.4 , was confirmed to be E-form. 9g In the text, only the stereochemistry of C2=C3 was discussed.
(17) The deprotonation of DBU with excess amount of n-BuLi was confirmed by a deuterium-labeling experiment shown below. (19) When the reaction was quenched after the 1,4-elimination step, generation of a mixture of 1-benzyloxy-5-methyl-1,3-butadiene and 1-benzyloxy-5-methyl-2,4-butadiene was confirmed by 1 H NMR spectrum of the crude products.
